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1) Hilum color as a genetic marker in soybean crosses. 
Artificial crossing of judiciously selected parents is a primary com-
ponent of any soybean breeding program. Once hand-pollinations are made, how-
ever, it is crucial that actual crosses be distinguished from inadvertent 
female parent selfs prior to the planting of the F2 seed, since considerable 
labor and land resources would be wasted on putative F2 seed progenies that 
are later identified as the selfed progeny of the female parent used in the 
cross. 
While emasculation of the flowers of the female parent minimizes the 
occurrence of accidental selfs, removal of the anthers adds considerable time 
to each hand pollination (resulting in fewer crosses made) and inexperienced 
student or part-time workers often injure the female parts of the flower 
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(resulting in a low success rate). Simple genetic markers, such as flower, 
pubescence and pod color can be and are used by soybean breeders in lieu of 
emasculation to distinguish F
1 
crosses from selfs. However, in many cases the 
two chosen parents do not have the contrasting phenotypes to allow use of these 
simple monogenic markers. 
In the soybean breeding program at the University of Nebraska, we have 
found that hilum color serves as a very useful genetic marker in most of the 
crosses we make each year. In most of the adapted cultivars and strains used 
for crossing by soybean breeders, hilum color is determined by four gene loci, 
namely, l/li, ijr_, l/.!_, and }'.!
1 
/~.1 (Bhatt and Torrie, 1968; Bernard and Weiss, 
1973). These four gene pairs interact to produce the six hilum color pheno-
types shown in Table l. Note that two of these gene pairs also influence 
flower (}'.!1 /~_1 ) and pubescence (l/.!_) color. The hilum color of F1 seed coats 
(surrounding F2 seed embryos) arising from the various crosses of parental 
hilum colors is shown in Table 2. 
On the basis of the simple nonlinked inheritance and the known pheno-
typic interactions of the four gene pairs, we have constructed a s imple flow 
chart (Figure l) indicating the direction (arrows in chart) of pollen transfer 
between two parents differing in hilum color, such that the F1 cross can be 
distinguished from a female parent self on the basis of the hilum color of the 
F2 seed progeny. This chart is used when we are deciding which of two selected 
parents is to be the male. For example, if a cross between a parent with a 
grey hilum and a parent with a yellow hilum (or any other hilum color in this 
case) was desired, the chart indicates that the former should be the male par-
ent. Note that in some instances the cross between two contrasting hilum 
colors can be made in either direction. This is because the F1 hilum color 
differs from either parental hilum color (e.g., Y x Bl or Bl x Y results in a 
G Fl). 
The use of hilum color as a genetic marker for soybean crosses has sev-
eral advantages. First, there are six different hilum color phenotypes 
(rather than two in the case of a simple monogenic marker) and if flower and 
pubescence color are scored as well, there are 14 phenotypes available. This 
increases the probability that any two parents chosen for crossing would differ 
in phenotype. Consequently, these genetic markers can be used in nearly all 
crosses, particularly in view of the rather co11111on occurrence of both alleles 
of the four loci in soybean cultivars and breeding strains . Second, the deci-
sion as to which way to make a cross can be made by observing the seed 
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Table l 
Hilum, pubescence and flower color phenotypes of the 16 genotypes 
arising from the four gene pairs l/ii, Bf!:_, II! and !i/~1 
Phenot~ee* 
Hilum color Pubescence Flower 
. l Genotype With l With I color color 
RTW1 Bl G T 
p 
RTw1 Bl G T w 
RtW1 Ib G G 
p 
Rtw1 Bf 
y G w 
rTW1 Br 
y T p 
rTw1 Br 
y T w 
rtW1 Bf 
y G p 
rtw1 Bf 
y G w 
*Abbreviations used include §_rey, Y.ellow, !D._ack, l_mperfect £lack, Brown, 









Hilum color of F1 seed coats derived from all possible 
crosses of parental hilum colors 
G y Bl Ib Br 
G G G G G 
G G/Y* G G G/Y* 
G G Bl Bl Bl 
G G Bl Bl Bl 
G G/Y* Bl Bl Br 








*Crosses (and reciprocals) involving a Y or Bf parent with a Y, Br or 
Bf parent will result in the F1 hilum color to the left of the slash if the 
Y or Bf parent has an RR genotype and if the Y, Br or Bf parent has a TT 
and/or a !i1!i1 genotype~. 
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Fig. l. A chart illustrating the direction (arrows) of pollen transfer 
between two parents of different hilum color phenotypes if the F1 is to be distinguished from a self on the basis of hilum color. 
phenotype, which in many cases may be the only descriptive trait known for one 
or both parental strains at the time. Third, two of the genes controlling 
hilum color also control flower and pubescence color which are already widely 
used genetic markers for crosses. Finally, no additional generation is 
required when hilum color is used since the seed borne on putative F1 plants 
can be examined for hilum color at maturity prior to harvest. The information 
in Table 2 can then be used as the criterion for deciding whether the putative 
F2 seed arose from a cross or accidental self and, if the latter, the plant 
can be discarded without harvesting. 
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